ANALYSIS

PROCESSING MASSIVE DATASETS

Current Fermilab collider detectors record data at a rate of 20 megabytes per
second, continuously for about nine months every year. This represents roughly
100 particle collisions per second, each 200 kilobytes in size, that the triggering
system accepts and records for further study. Experiments at CERN’s Large
Hadron Collider will record ten times as much data.

Physicists at Fermilab and at the collaborating institutions use complex software
with hundreds of thousands of lines of code to reassemble the data into a form
the human mind can grasp and analyze.

Single and playing
hard-to-get

Typically, a Tevatron detector dataset holds hundreds of millions of particle
collision events. Sophisticated programs on large parallel computing farms
reconstruct particle tracks and other objects in each dataset, cull the dataset
down to hundreds of thousands of events, and select a strategic subset of each
event’s total information to compare with simulations and search for new and
interesting physical phenomena.

SIMULATION

MODELING PARTICLE ACCELERATORS AND
DETECTORS AND ADVANCING PARTICLE
PHYSICS THEORY

ACCELERATOR SIMULATIONS

Fermilab accelerator scientists run modeling codes on parallel clusters of up to 20,000
processors at Fermilab and other national labs. Through the DOE/SciDAC COMPASS project,
Fermilab developed Synergia, a parallel 3D accelerator modeling code for multi-particle
effects. The scientists have used it to improve the performance of their colliding beam
accelerator, the Tevatron, and are already studying potential upgrades for the Large Hadron
Collider at the European lahoratory, CERN.

DETECTOR SIMULATIONS

Physicists at Fermilab develop computer
simulations of particle collisions expected to
occur in their detectors and run them millions
of times. In this way they gather enough
statistics to confidently identify signals in the
real data that they can map to particular
particles and phenomena. The bulk of these
simulations run on Open Science Grid
resources.

THEORETICAL PHYSICS SIMULATIONS

The theory of quantum chromodynamics (QCD) describes how quarks and gluons bind together
to form other particles, such as protons and neutrons, and in turn, atomic nuclei. Uncovering
the most important predictions of QCD from the comprehensive Standard Model theory of
particle physics requires large-scale numerical simulations.

Fermilab participates in the U.S. QCD computational infrastructure project and in
DOE/SciDAC-2 for lattice QCD. The laboratory operates four high-performance clusters with an
aggregate sustained performance of 12 TeraFLOPS for lattice QCD simulations, with peak
performance about five times higher.






